I. INTRODUCTION
The study of single nucleon transfer reaction gives the valuable information on nuclear structure. In recent years, there has been a lot of interest in studying transfer reactions, and heavy ion induced reactions provide a wide opportunity for studying various transfer channels [1, 2] . One specific feature of heavy-ion induced reactions is the possibility to observe the excitations of both fragments in the exit channel. For example, in the 27 Al( 12 C, 11 B) 28 Si reaction, the excited states of 28 Si and 11 B may be seen in the 11 B energy spectrum. The finite range distortedwave Born approximation (DWBA) has been extensively used to describe the low-energy single-nucleon (e.g., one proton, 1p or one neutron, 1n) transfer reactions [3] [4] [5] [6] [7] [8] .
Previous studies of heavy-ion induced transfer reactions have enormous uncertainties arising from the ambiguities in the optical model potential. The strong absorption in the heavy-ion elastic scattering has restricted its sensitivity to the extreme surface region of the nucleus, and a variety of potentials is known to provide good fits to the experimental data, provided that they have similar values in this critical (extreme surface) region. However, for higher bombarding energies, the potential is probed over a wider domain inside the strong absorption radius [9] . There are enough evidence that the phenomenological optical model potentials can be quite precisely determined, at least for relatively light projectiles and targets [10] [11] [12] .
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73, 81 and 85 MeV bombarding energies. Earlier, this reaction was studied at 46.5 MeV [13] and E/A = 50 MeV [14] bombarding eneries, however the information about spectroscopic factors was not given properly. The ground state spectroscopic strength was determined using two types of optical model potential and the values are widely varied (2.4 and 7.7) [14] . Kalifa et al. reported a value of 2.9 [15] for the ground state spectroscopic strength. In addition to these, the strength values for different states of 28 Si were extracted many times using the light ion induced reaction and they are found to be different [16, 17] . On the other hand, the spectroscopic strengths for different states of 11 B were reported in literature [18, 19] and there are disagreement between the results.
It is well known that at incident energies in the region of 10 MeV/nucleon, the angular momentum carried by projectiles, such as, 12 C or 16 O on light nuclei usually exceeds the critical angular momentum which the compound system can support. Consequently, the direct aspects of the reaction mechanism should be enhanced in this energy region. In the present study, the bombarding energies are in the region 6 -7 MeV/nucleon and the Coulomb barrier of the system is 21.23 MeV. The excitation energies of the composite system are in the range 67 -75 MeV. Therefore, we can observe different excited states of target-like and projectile-like fragments in the spectra.
The article is arranged as follows. The experimental details are given in the next section. The experimental results are presented in Sec. III and discussed. Finally, the summary and conclusion is given in Sec. IV.
II. EXPERIMENTAL DETAILS
The experiments were performed using 12 C and 11 B ion beams from the BARC-TIFR 14UD pelletron accelerator at Mumbai. During the first experiment, the 12 C ion beams, having energies 81 and 85 MeV, were bom-barded on a self-supporting 27 Al target of thickness ∼ 550 µg/cm 2 . Both elastic and transfer channels were detected using Si-Si (∼ 10 µm Si ∆E and ∼ 350 µm Si E) and Gas-Si (∼ 80 Torr P10 ∆E and 450 µm Si E) telescopes. The two types of telescopes were mounted on two arms of the scattering chamber which could move independently. Typical solid angle subtended by Si-Si telescope was ∼ 6.4 msr and Gas-Si telescope was ∼ 4.5 msr. The well separated ridges corresponding to different fragments are clearly seen in ∆E-E scatter plot. The angular distributions of elastic scattering and 1p transfer channel have been taken in a wide angular range. The telescopes were calibrated using elastically scattered 12 C ion from Al target and Th-α source. In the second experiment, the 12 C ion beam of energy 73 MeV was bombarded on the same Al target and the angular distributions of elastic scattering and 1p transfer channel have been measured in a wide angular range. In addition, the 11 B ion beam of energy 64. 4 MeV was bombarded on a Si target of thickness ∼ 420 µg/cm 2 . The elastic scattering data have been taken in a wide angular range. The same set of telescopes were used to detect the emitted particles; however, typical solid angle subtended by the Gas-Si telescope was ∼ 14.4 msr and Si-Si telescope was ∼ 12.6 msr in this experiment. The telescopes were calibrated using elastically scattered 12 C ion from Al target and 11 B ion from Si target and Th-α source. The systematic errors in the data, arising from the uncertainties in the measurements of the solid angle, target thickness, and the calibration of current digitizer have been estimated to be ≈ 15% in both the experiments.
III. RESULTS AND DISCUSSIONS
The energy spectrum of the outgoing 11 B fragment obtained at an angle θ lab = 15 o is shown in Fig. 1 Table I .
A. Optical model potential
The optical model parameters have been derived from the elastic scattering data for both entrance and exit channels. We performed the optical model analysis using the parametric Woods-Saxon (WS) forms for both the real and imaginary potentials. The phenomenological optical model potential which describe the elastic angular distribution at each energy has the following form
where V (r) denotes the volume type WS real potential, W F (r) is a volume type WS imaginary potential to simulate the fusion after penetration of the barrier, W D (r) is a derivative type WS imaginary potential to account for the absorption due to reactions at the surface and V C (r) is the Coulomb potential.
The fitting procedure can be summarised as follows: The search code ECIS94 [20] was used to perform the optical model calculations to obtain the parameters of the best fit potential. The initial parameters were taken from Refs. [21] and [22] for entrance channel and exit channel, respectively. These potentials have volume real and imaginary potential terms, however, derivative type imaginary potential term was not included in the calculations. We introduce this term in our present calculations.
Entrance channel
In the present work, the elastic scattering angular distributions for the 12 C + 27 Al reaction have been measured at energies 73, 81 and 85 MeV. Previously, this system was studied at various energies [21, 23, 24] and 55 MeV was the highest incident energy found in the literature. At this energy the potential parameters were V (r)(32.31, 1.23, 0.57) and W F (r)(27.71, 1.12, 0.67) and r C = 1.31 fm [21] . We use these parameters as the starting parameters. In the first search, the volume imaginary potential W F and real radius R o were kept fixed and searches were performed over the remaining five free parameters, viz., V o , a o , W s , R s and a s . Subsequently, changing the W v , R v , a v and R o in steps, same search was repeated again to obtain the best fit parameters with minimum χ 2 value. The final set of best fit parameters for 55 MeV (data taken from Ref. [21] ) corresponding to minimum χ 2 /N value are given in Table I (Set A). For the other incident energy (e.g., 73 MeV) the same search procedure was followed with the best fit parameters of 55 MeV as the starting parameter set. The best fit parameters with minimum χ 2 /N value for 73 MeV are given in Table I (Set B) . Subsequently, Set B was taken as the starting parameters to obtain the best fit parameters for 81 MeV (Set C). Again for 85 MeV Set C was taken as the starting parameters. The best fit paramters for 85 MeV are given in Table I (Set D) . It has been found that the resultant geometry parameters along with the strengths of the potential components are energy dependent. For instance, the radius values of both the real and imaginary components decreases with increasing energy. The best fit parameters, the minimum χ 2 /N values and the corresponding reaction cross-sections σ r have been given in Table I . The fits are shown in Fig. 2 by solid lines. Table I .
Exit channel
In addition, the elastic scattering angular distribution for the 11 B + 28 Si reaction has been measured at 64.4 MeV. This system was also studied earlier at different energies [22] and 49.5 MeV was the highest energy found in the literature. The potential parameters were V (r)(36.50, 1.05, 0.74) and W F (r)(29.80, 1.05, 0.81) and r C = 1.34 fm [22] . We use these parameters as the starting parameters and following the similar procedure as described earlier the best fit parameters were obtained for the angular distribution at 49.5 MeV (data taken from Ref. [22] ). These values were taken as the starting parameters to obtain the optical model potential parameters from the elastic scattering angular distribution at 64.4 MeV. The best fit parameters with minimum χ 2 /N values are given in Table I for 49.5 MeV (Set E) and 64.4 MeV (Set F). The strength of the potential and radius values for imaginary component are found to decrease with increasing energy. The fits are shown in Fig. 3 by solid lines.
From the above analysis one can find that the optical model potential parameters are very much energy dependent.
B. DWBA calculations
The theoretical finite range distorted wave Born approximation (DWBA) calculations have been performed using the computer code DWUCK5 [25] for all the observed transitions (shown in Fig. 1 ) in 27 Al( 12 C, 11 B) 28 Si reaction at 73, 81 and 85 MeV. The distorted waves in the entrance and exit channels have been generated using the optical-model potentials. Four sets of optical model parameters have been used in the calculations and they are given in Table I .
The spectroscopic strength G was extracted for each of the observed transitions using the relation
where [dσ/dΩ] exp is the experimentally measured differential cross-section, [dσ/dΩ] DW 5 is the differential crosssection predicted by the computer code DWUCK5 and g is the light particle spectroscopic strength. For the 12 C g.s. = 11 B g.s. + p reaction, the value of the spectroscopic strength is 2.85 [26] [27] [28] . The spectroscopic strength G is written as
where C 2 is the isospin Clebsch-Gordan coefficient and S is the spectroscopic factor.
In the present work, the spectroscopic factors are estimated for the ground state and first two low lying states of 28 Si and 11 B nuclei. For all the states the bound state potential parameters are r = 1.29 fm and a = 0.54 fm.
The DWBA fits are shown by different curves for different sets in Figs. 4-8.
Ground state
The angular distributions of the transition corresponding to the ground state (0 + ; 0.0 MeV) peak have been displayed in Fig. 4 for all three bombarding energies. The spin and parity of the ground state of 28 Si nucleus are well established [29] . The l-transfer is equal to 3 for this level. The ground state configuration of the exit channel is π(1p 3/2 −1 , 1d 5/2 ) in the shell model, i.e., one proton from 1p 3/2 level in 12 C nucleus transferred to 1d 5/2 level in 28 Si nucleus. Both the nuclei are in ground state. The finite range DWBA calculations have been done with a ∆l = 3 transfer using the optical model parameters obtained from the elastic scattering analysis (Table I) . Eighty-five partial waves were used and the integration was performed in step intervals of 0.05 fm from 0.0 to 30 fm. The results are the same when ninety-five partial waves were used and the integration was performed in steps of 0.1 fm from 0.0 to 40 fm. Coulomb excitation was found to be important at all the incident energies.
It has been found from The spectroscopic strength and the spectroscopic factor deduced from strength are given in Table II for all sets of potential parameters. The angular distributions corresponding to the first excited state peak are displayed in Fig. 5 for all the incident energies. The l-transfer is equal to 1 for this level. The excited state may have two configuration; π(1p 3/2 −1 , 2s 1/2 ) or π(1p 3/2 −1 , 1d 3/2 ) in the shell model. The transferred proton from 1p 3/2 level may go to 2s 1/2 level or 1d 3/2 level and produce the first excited state of 28 Si nucleus. Therefore the experimental angular distribution has contribution from both the configurations. It has been found that the ratio 2s 1/2 :1d 3/2 is equal to 0.9:0.1 at 73 MeV and goes to 0.85:0.15 at 85 MeV. The finite range DWBA calculations with optical model parameter set B-F, C-F and D-F fit the experimental data at 73, 81 and 85 MeV, respectively. The DWBA fits are shown by solid curves in Fig. 5 . The deduced spectroscopic strengths and factors are given in Table III. The experimental angular distributions corresponding to the second excited state peak are shown in Fig. 6 . Here, the l-transfer is l = 1 and the exit channel configu-ration is π(1p 3/2 −1 , 1d 3/2 ) in the shell model. The excited proton goes to the 1d 3/2 level and produce the 4 + state of 28 Si nucleus. The DWBA calculations have been done and the fits are shown in Fig. 6 by solid curves. The spectroscopic strengths deduced from the angular distributions are given in Table III for 
Excited states of 11 B
The angular distributions of two transitions corresponding to the first excited state (1/2 − ; 2.12 MeV) and second excited state (5/2 − ; 4.44 MeV) of 11 B have been displayed in Figs. 7 and 8 . The spin and parity of the 11 B nucleus are well established [29] . In this case, the excitation energy of the total system is such that the transition leading to residual nucleus ( 28 Si) in its ground state should favour the excitation of the first few excited states in ejectile ( 11 B) due to the simultaneous fulfilment of the momentum matching conditions deduced from the semiclassical analysis of the reaction [13] .
The experimental angular distributions corresponding to the first excited state peak are displayed in Fig. 7 for all the incident energies. The l-transfer is equal to 3 for this level. Here the proton may transfer from 12 C ground state to 28 Si ground state (1d 5/2 level) and leaving the 11 B nucleus in its first excited state in 1p 1/2 level. Therefore the exit channel configuration in shell model is π(1p −1 1/2 1d 5/2 ). The spectroscopic strength for the 12 C g.s.
= 11 B 2.12 + p reaction is 0.75 [26] and/or 0.64 [27] . The deduced spectroscopic strengths and factors are given in Table III . The angular distributions corresponding to the second excited state peak are shown in Fig. 8 . Here, the l-transfer is equal to 3 and the exit channel configuration is π(1d −1 5/2 1d 5/2 ) in the shell model. The transferred proton goes to the 1d 5/2 level i.e., ground state of residual nucleus 28 Si leaving the second excited state of 11 B in 1d 5/2 level. The light particle spectroscopic strength for the 12 C 4.44 = 11 B g.s. + p reaction is 0.55 [26] and/or 0.79 [27] . The spectroscopic strengths and factors deduced from the angular distribution are given in Table III for all the incident energies.
The finite range DWBA calculations have been done using the optical model parameter set B-F, C-F and D-F for the angular distributions at 73, 81 and 85 MeV, respectively, for both the excited level of 11 B nucleus. In this case, two different values have been found in literature [26, 27] 
IV. SUMMARY AND CONCLUSION
The one proton transfer reaction channel has been studied using the 27 11 B have been analysed using the finite range DWBA computer code DWUCK5. The bound state potential for proton has Wood-Saxon form and the parameters are r = 1.29 fm and a = 0.54 fm for all the transitions. The optical model potential has the parametric Wood-Saxon form for both real and imaginary potentials. The optical model potential have been derived for 12 C + 27 Al reaction at four energies and for 11 B +
28 Si reaction at two energies in the present work and the potential parameters are found to be energy dependent.
The potential parameter Sets A, B, C and D for entrance channel and Sets E and F for exit channel have been derived at different incident energies. The finite range DWBA calculation using potential parameter set A-E and B-F are in phase, however, the amplitudes are different at higher angles (θ c.m. ≥ 40 o ). On the other hand, the finite range DWBA calculation using potential parameter set C-F and D-F are in phase, with a slight difference in amplitudes at higher angles (θ c.m. ≥ 40 o ). There is 3 o phase difference between the calculations using sets A-E, B-F and C-F, D-F. Experimentally, this phase difference is also observed between the angular distributions at 73 MeV and 81 MeV. From Fig. 4 and Table II , we can say that the optical model parameters should be derived at same and/or nearby energy to avoid the effect of energy dependence of optical model potential on the extracted spectroscopic factors.
